We tested the hypotheses that smoking-induced changes in vascular mechanics would be detected earlier in the lumped properties of peripheral vascular beds, which include the properties of microvasculature, than in the local properties of central conduits, and that such changes are reversible with lifestyle changes that include smoking cessation and exercise. Vascular measures were made in 53 young (18-40 years) female smokers and 25 age-matched non-smokers. Twenty-two of the smokers were tested before and after a 14-week smoking cessation program and, of these, 13 were tested again after 52 weeks of smoking cessation. Compared with non-smokers, lumped forearm vascular bed compliance (C: mL/mm Hg) was lower, while lumped viscoelasticity (K: mm Hg/(mL·min)) and resistance (R: mm Hg/(mL·min)) were higher in the smoker group. Neither the carotid-to-toe pulse wave velocity nor local carotid artery elasticity indices were different between groups. Compared with non-smokers, brachial artery distensibility was less, and other markers of stiffness higher, in the smoker group. At 14 and 52 weeks of smoking cessation, forearm vascular R was reduced and C was increased while K was unchanged. The changes in C and R occurred while maintaining a constant R×C value, which represents a dynamic time constant. Thus, early changes in K were observed in the forearm vascular bed of smokers, which were not reflected in the local properties of central conduit vessels. Forearm C, but not K, was reversed following smoking cessation, a finding that may represent a persistent effect of smoking on the intercellular matrix of the vessel wall.
Introduction
Cigarette smoking represents an important modifiable risk factor for cardiovascular disease. A working hypothesis linking smoking behaviour to vascular disease suggests that smokinginduced increases in arterial stiffness lead to a progressive decline in cardiovascular health (Boutouyrie et al. 2002; Laurent et al. 2001) . Smoking behaviour exhibits both chronic and acute effects on the vasculature. Specifically, vascular stiffening has been observed in chronic smokers (Failla et al. 1997; Kim et al. 2005; Kool et al. 1993; Lekakis et al. 1997; Mahmud and Feely 2003; Rehill et al. 2006 ) and immediately following 1 cigarette (Failla et al. 1997; Kim et al. 2005; Kool et al. 1993; Kubozono et al. 2011; Wiesmann et al. 2004 ). The transition from acute changes in vascular stiffness to vascular pathology has not been determined. Therefore, early detection of vascular pathology would be beneficial for identification of risk and disease progression in the context of prolonged smoking or disease regression following smoking cessation.
The effects of smoking on vascular health has so far been assessed largely in terms of markers such as distensibility of local conduit vascular segments, or in terms of pulsed wave velocity (PWV), a variable dominated by properties of the large systemic conduit vessels that may mask any effects on peripheral microvasculature. Yet, downstream changes in small resistance arterioles may precede changes in central conduit vessels detected by currently used markers (Kember et al. 2004; McVeigh et al. 1997) . Therefore, examination of microvasculature in addition to large central conduits may improve early detection of pathology, enhance implementation of intervention programs, and improve the understanding of the progression of this vascular disease (Zamir 2005) . However, little data exist that convey the early or chronic impact of smoking on microvasculature. We propose a quantitative tool for assessing the effects of smoking on the entire vascular bed of the forearm, which, importantly, includes changes within the microvasculature (Zamir 2005; Zamir et al. 2007 ). In addition to the steadystate determination of vascular resistance, this model incorporates the impedance-based parameters of compliance (C), viscoelasticity (K), and inertance (L) that affect the pulsatile component of the flow in the downstream vasculature. These parameters are regulated by both the passive and active properties of the blood vessels. Therefore, investigating the properties of the microvasculature in addition to those of the central vessels may expose varying degrees of the effects of smoking on the mechanics of the cardiovascular system.
The first purpose of this study was to test the hypothesis that lumped vascular mechanics, rather than the central conduit vascular mechanics, would detect early changes in vascular health of young smokers. The second purpose was to determine whether aberrant vascular properties in young smokers could be reversed. To address these hypotheses, measures of vascular variables were made before and following a lifestyle change program, which included smoking cessation and exercise (Cortez-Cooper et al. 2005; Halvorsen et al. 2007; Jatoi et al. 2007; Kawachi et al. 1993 ).
Materials and methods
All experimental procedures were approved by the Health Sciences Research Ethics Board at The University of Western Ontario and were conducted in accordance with the Declaration of Helsinki (World Medical Association 2008) . Participants provided informed written consent to this study.
Subjects
Seventy-eight women (age range was 18 to 40 years) volunteered to participate. Their physical characteristics and group assignments are provided in Table 1 . Fifty-three women were smokers (10 cigarettes/day or more for at least 2 years; total pack years = 8.6 ± 5.9 based on self-report) and these participated in the Getting Physical on Cigarettes trial (Jung et al. 2010) . Twenty-five women who had never smoked served as the control reference group (non-smoker). The timing of measurements relative to the use of oral contraceptives or menstrual cycle was not controlled.
Protocol design
Protocol 1 examined the early effects of smoking on central conduits by measuring systemic PWV and local distensibility of the carotid and brachial arteries, compared with the corresponding effects on the entire vascular bed by measuring lumped forearm vascular properties. This was done in a group of young smokers (n = 53) and a reference group of non-smokers (n = 25). Protocol 2 examined the reversibility of any vascular changes observed in the young smoker through a lifestyle-based smoking cessation program, which included aerobic exercise and nicotine replacement therapy (NRT) (Jung et al. 2010) . Briefly, the 14-week program included (i) thrice per week supervised equipment-based (treadmill, rowers, stair climbers, stationary bicycles) aerobic exercise where participants were expected to reach 50%-60% of their heart rate reserve; and (ii) stepdown NRT where participants started with a 21-mg patch for 6 weeks (beginning with the week they quit smoking (week 4) to week 10) and then progressed to a 14-mg patch for the next 2 weeks (weeks 11-12), and 7-mg patch for the last 2 weeks (weeks 13-14). Subsequently, participants were encouraged to maintain the smoking-free active lifestyle for the remainder of the 52-week intervention period after which follow-up assessments were completed.
With this design, 53 smokers were tested at baseline; of these, 22 (41.5%) successfully quit smoking for the 14-week follow-up period. Of this smaller group who ceased smoking for 14 weeks, 13 (24.5%) successfully ceased smoking for 12 months when they were tested a third time. The non-smoker group (n = 25) was tested once, providing reference data for Protocol 1. Of these, 7 were measured again after 12 months to assess measurement stability.
Data acquisition
At least 15 min of supine rest occurred before commencement of baseline data acquisition. Automated measures of finger blood pressure were calibrated to the average of 3 sphygmomanometer blood pressure measures. Baseline hemodynamic measures of continuous electrocardiography, finger blood pressure (Finometer; Finapres Medical Systems Amsterdam, the Netherlands), cardiac output, and stroke volume (Model Flow, Finometer) (Wesseling et al. 1993) were obtained from each participant while they rested quietly for 5 min. Pulse wave velocity was obtained as the duration between the carotid artery blood flow velocity waveform (Doppler ultrasound; 4.7 MHz, GE Vivid 7) and the arrival of the pressure waveform at the finger (from Finometer waveform) or the toe, measured by a pressure transducer placed around the hallux. Data were sampled at 1 KHz and stored online (version 7.0; ADInstruments, Colorado Springs, Colo., USA).
Measures were made of the common carotid (2 cm proximal to carotid bifurcation) and brachial artery (4-6 cm proximal to medial epicondyle) to calculate vessel diameter, wall thickness, and intima media thickness (IMT) (Ultrasound imaging; 10 MHz, GE Vivid 7) and blood velocity waveforms (4.7 MHz).
Smoking abstinence was confirmed in the lifestyle intervention group of smoker by a carbon monoxide (CO) smoke analyzer test and by self-report questionnaires with the criteria that participants needed to have CO cut-off levels less than 6 ppm (Marcus et al. 1999) . Smoking abstinence was assessed on "quitting" day (week 4), at end of treatment (14 weeks, 10 weeks post-quitting), and at 12 months after initial assessment. A graded maximal exercise treadmill test of exercise capacity (peak oxygen uptake) was completed at baseline and at the 14-week and 1-year assessments in accordance with the American College of Sports Medicine guidelines for exercise testing (maximal oxygen uptake (V O 2max ) and prescription (American College of Sport Medicine 2006) (Cosmed Quark b 2 metabolic system; Cosmed S.r.I, Rome, Italy).
Data analysis
Heart rate, systolic blood pressure, diastolic blood pressure, cardiac output, stroke volume, and mean arterial pressure were averaged over the 5-min resting period. Total peripheral resistance was calculated from the mean arterial pressure divided by cardiac output.
Pulse wave velocity
Pulse wave transit time was measured and defined as the time from the upstroke of velocity from the carotid velocity measured from Doppler ultrasound to the diastolic foot of pressure measured at the finger (Finometer) or the foot of pressure measured at the toe (pulse oximeter). These wave-based landmarks were detected with software assistance (Chart software). Pulse wave velocity was measured using the distance from the suprasternal notch to finger or toe, divided by the pulse wave transit time to the finger or toe.
Local conduit vessel properties
Diameters of the carotid and brachial arteries were measured by manual calipers (by 2 blinded people) at end systole and end diastole from 2D B-mode images taken in the long-axis plane. Intima media thickness and wall thickness measures were also taken simultaneously. If vessel diameter at end systole is denoted by d s and at end diastole by d d , the corresponding pressures are denoted by p s , p d , respectively, and writing
then local mechanical properties of the carotid and brachial arteries were calculated according to the following definitions:
It is important to differentiate between these local properties of individual vessel segments and the lumped properties of the entire forearm vascular bed, described below.
Lumped forearm vascular bed mechanics
The pulsatile blood flow waveform in the brachial artery was calculated using the end diastolic cross-sectional area and the continuous blood velocity. The value of forearm vascular resistance (R) in a vascular bed was determined from simultaneous measurements of mean pressure and mean flow at the point of entry to that bed. As a steady-state measurement, R does not give an indication of oscillatory properties of the vascular bed. However, the values of C, K, and L in a vascular bed can be determined from simultaneous measurements of the oscillatory components of pressure and flow at the point of entry to that bed. Thus, mechanical properties of the vascular bed (not the local conduit artery) can be obtained from pulsatile pressure and flow waveforms at the point of entry to that bed because these waveforms contain both the mean (steady) and the oscillatory components of the flow. The calculations of C, K, and L were based on a modified Windkessel model of the vascular bed in which C, K, and L are in series with each other and in parallel with R (Zamir 2005; Zamir et al. 2007 ). The measured pressure waveform is used to calculate a flow waveform based on this model, and the calculated waveform is compared with the measured flow waveform. The values of C, K, and L are then deemed to be those that produce the best agreement between the measured and calculated waveforms.
Statistical analysis
Normality of data distribution was assessed with the ShapiroWilke test. The effects of smoking compared with non-smoking control subjects were tested using a Mann-Whitney nonparametric test (IBM SPSS Statistics, version 19; IBM Corp., Armonk, N.Y., USA). The effect of smoking cessation was assessed using a paired t test to compare baseline, 14 weeks, and again at 1-year data with Bonferroni correction. The significance level was p < 0.05. Data are expressed as means ± standard deviation.
Results

Protocol 1
Systemic hemodynamics
Baseline clinical characteristics of both smoker and non-smoker groups are shown in Table 1 . Systolic and mean arterial pressures were higher in the smokers compared with non-smokers (p < 0.05) but, notably, were still within a normal range.
Conduit artery mechanics
The smoking cessation intervention did not affect PWV to the finger or toe (Table 1) . Neither carotid wall thickness nor IMT were different between smoker and non-smoker groups (Table 2) . Local carotid measures of arterial stiffness and vascular characteristics were not different between groups (Table 2) . Brachial wall thickness was not different between smoker and non-smoker groups (Table 2) . Compared with non-smokers, brachial artery distensi- Note: Values are means ± SD. Pre, before smoking cessation; Post, after smoking cessation; SBP, systolic blood pressure; DBP, diastolic blood pressure; PP, pulse pressure; MAP, mean arterial pressure; HR, heart rate; TPR, total peripheral resistance; FBF, forearm blood flow; FVR, forearm vascular resistance; PWV, pulse wave velocity.
*Significantly different from non-smokers (Protocol 1; p < 0.05). † Significantly different from Pre (Protocol 2; p < 0.05).
bility was less, and other markers of stiffness higher, in smokers (Table 2) .
Forearm vascular bed mechanics
Forearm vascular resistance was greater in the smokers compared with non-smokers (Table 1) . Compared with non-smokers, forearm vascular bed compliance was reduced, viscoelasticity was increased, and inertance was unchanged in smokers (Fig. 1) .
Protocol 2
Twenty-two of the 53 participants in the original group quit smoking. After 1 year, 15 women continued to be smoke-free. Two of these 15 persistent quitters were not available for testing at 14 weeks but were available at 52 weeks. However, of these 15 women, 2 had become pregnant and were excluded from the results. Therefore, the following data are presented for these 22 women at baseline (while smoking, pre) and following 14 weeks of the intervention program (including 10 weeks of smoking cessation, post) and another group women who successfully completed measures at baseline (n = 13) as well as 14 weeks (n = 11) and 1 year (n = 13) following smoking cessation.
Systemic hemodynamics
Subject characteristics and resting haemodynamics are given in Table 1 . Systolic blood pressure and heart rate were reduced in the post (14 weeks and 1 year), compared with pre, lifestyle smoking cessation tests (p < 0.0125).
Conduit artery mechanics
The smoking intervention did not affect PWV to the finger or toe (Table 1 ). The PWV measures were made by 2 blinded individuals who provided similar results (data not shown). The smoking cessation intervention did not affect carotid IMT or wall thickness or any measure of local carotid artery mechanics (Table 2) . Local brachial wall thickness was not different between pre and 14 weeks of smoking cessation (Table 2) . Compared with pre, Peterson's elastic modulus and arterial stiffness indicators were reduced with 14 weeks of smoking cessation (p < 0.05; Table 2 ) and other indicators tended towards normal (non-smoker) values in the larger group. Brachial artery compliance was not normalized to arm volume as the lifestyle smoking cessation intervention did not affect arm volume.
Forearm vascular bed mechanics
Forearm blood flow was not altered by the smoking cessation program (Table 1) . With the reductions in blood pressure discussed above, forearm vascular resistance was reduced in both the 14-week and 1-year follow-up sessions (Table 1) .
Measures of forearm vascular indices are provided in Figs. 2-4. Compared with the pre-intervention values, forearm vascular C was increased at 14 weeks of smoking cessation (Fig. 2) . In the smaller group, which succeeded in the cessation of smoking for the 52-week follow-up study, forearm vascular C was greater at 52 weeks compared with baseline but not at 14 weeks (Fig. 3) . However, forearm vascular K was not reduced by the intervention at either 14 or 52 weeks ( Fig. 2 and 3 ). Forearm vascular L was highly variable across individuals and was not different across the baseline, 14-week and 52-week periods in the smaller group (Fig. 3) .
Reproducibility
Based on Bland-Altman analysis and regression analysis (not shown), the 7 non-smokers who were tested twice separated by 12 months exhibited no change in any of the measured forearm vascular variables (Fig. 4) . Thus, the measurements are stable over time.
Relationship Between R and C
The effect of smoking cessation can be demonstrated more dramatically in terms of the value of the product R×C for each subject. Comparisons of these values between smokers and non-smokers and following the 14 and 52 cessation periods are shown in Figs. 5. The general pattern was for non-smokers' values to reside on the higher compliance portion of the hyperbolic relationship as well as for those smokers who successfully quit smoking, whether it was for 14 or 52 weeks, to move leftward on the curve towards higher compliance values.
V O 2max
Compared with baseline (29.8 ± 5.2 mL/(kg·min); pre-intervention), quitters improved their V O 2max at 14 weeks (33.5 ± 4.4 mL/(kg·min); p < 0.05) but returned to values similar to baseline after 1 year of smoking cessation (29.3 ± 5.1 mL/(kg·min)).
Discussion
The main findings of this study were as follows: (i) central vascular mechanics of carotid-to-finger PWV, carotid-to-toe PWV, or local carotid artery stiffness indices were not different between smoker and non-smoker groups. (ii) Compared with non-smokers, brachial artery indices of Peterson's Elastic Modulus, and Arterial Stiffness were greater in smokers, indicating a stiffer local con- duit artery. (iii) Forearm vascular R, K, and L were greater, and C lower, in smokers compared with non-smokers: these 3 main findings supported the first hypothesis. (iv) Following a smoking cessation and aerobic exercise intervention, local brachial artery Peterson's Elastic Modulus and arterial stiffness were reduced. Peripheral vascular bed mechanics were also improved as R was reduced and C was increased following the lifestyle intervention. However, forearm vascular K remained elevated. These results supported the second hypothesis with the caveat that viscoelastic abnormalities in young smokers are more persistent. To our knowledge, this is the first study to detect early markers of vascular dysregulation in young smokers and to demonstrate improvements in vascular mechanics in a little as 14 weeks following a lifestyle intervention. The findings of Protocol 1 indicated that early vascular changes are detectable in the brachial conduit artery and in the lumped properties of the forearm vascular beds of young smokers, which include properties of the microvasculature, but not in central conduit vessels. In addition, Protocol 2 observations indicated that differences in brachial artery stiffness as well as forearm vascular bed compliance and vascular resistance of smokers are reversible following a lifestyle smoking cessation program. However, the persistence of elevated forearm vascular bed viscoelasticity with smoking cessation represents a particularly important outcome because this variable involves the intercellular matrix of the vessel wall that may be affected by smoking. For example, altered urine content of elastin and collagen have been observed in smokers compared with non-smokers (Stone et al. 1995) . Nonetheless, Cox et al. (1984) found no effect of cigarette smoking on the concentration of collagen and elastin in the carotid or femoral arteries following acute cigarette exposure in dogs and, thereby, attributed the increased stiffness to altered cross linking or type (Cox et al. 1984) . We were not able to assess the viscoelastic properties of the carotid or brachial arteries in this study. In this regard, modelling the forearm vascular bed provided additional information regarding the persistent effect of smoking on elevated viscoelastic properties of a vascular bed, which includes the microvessels not available from the conduit (i.e., brachial) artery. Overall, this study demonstrates that early markers of vascular dysregulation can be detected in the lumped forearm vasculature mechanics of young smokers, and that some, but not all, of these changes are reversible.
Hemodynamic variables
Although within the clinically normal range, systolic, diastolic, and mean arterial pressures were elevated in the smoker compared with non-smoker groups, supporting earlier studies (Kim et al. 2005; Kool et al. 1993; Mahmud and Feely 2003) . Importantly, higher blood pressure was reduced in the smoking cessation group to values that were similar to the non-smoking control group, suggesting a direct effect of smoking on blood pressure even in younger smokers. The increased vascular resistance and decreased compliance of the peripheral vascular bed in the smoker group may contribute to this elevation in blood pressure (Kember et al. 2004; London and Guerin 1999) .
Vascular mechanics
Systemic vascular stiffness was assessed by PWV, a value that produces a weighted index of vascular stiffness across various vascular segments consisting of the highly elastic aorta, the muscular brachial or femoral artery, and to a lesser extent, the mi- crovessels of the limbs. The current results support previous studies that report little impact of smoking behaviour on PWV (Kim et al. 2005; Kool et al. 1993; Mahmud and Feely 2003; Rehill et al. 2006) . Previously, alterations in the carotid artery properties have been emphasized in clinical studies because such features are predictive of the presence and likelihood of developing atherosclerosis or vascular disease (Stamatelopoulos et al. 2006; Whisnant et al. 1990 ). However, as with systemic PWV, no differences were observed in our study between smoker and nonsmoker groups in any measure of carotid artery vascular structure or mechanics, again, supporting previous findings in young smokers (van den Berkmortel et al. 1998) . In contrast to the carotid artery, increased brachial arterial stiffness was observed in smokers supporting some (McVeigh et al. 1997) but not all (Kool et al. 1993; van den Berkmortel et al. 1998 ) previous reports. The reason for these regional differences remains unclear. However, they support the overall idea that with smoking, vascular impairment can be detected earlier in peripheral vascular beds.
Changes of vascular mechanics downstream from the brachial artery were assessed by using a lumped model that incorporates all levels of the forearm vascular bed, including microvessels, below the point of measurement (Zamir 2005) . The results of reduced forearm vascular C found in this way are consistent with the local changes in brachial artery stiffness, outlined above, but they extend these findings to altered vascular mechanics throughout the branching hierarchy of the forearm vascular bed. More significant are the changes found in the product R×C among the different groups. The product R×C represents an important time constant in the pulsatile dynamics of the vascular system (Zamir 2005) . The results in Figs. 5 indicate that the observed changes in R and C among the different groups occurred within the confines of similar R×C curves, maintaining the value of this time constant.
The mechanical concept of viscoelasticity fundamentally reflects the property of vascular tissue to resist stretch (elasticity) as well as rate of stretch (viscosity). In patients with persistent hypertension (Zamir et al. 2009 ), elevated viscoelasticity of the forearm vascular bed occurs in the presence of normal vascular compliance. This earlier observation supports the current findings of a persistent elevation of K despite normalization of C and implicates the independence of these 2 variables. Further, the persistent elevation in K suggests that a more permanent alteration in vascular characteristics occurred, even in these young smokers. The long-term consequences of this feature are not known but are consistent with a continuous degradation of vascular health in long-term smokers. This result points to the potential significance of such outcomes that have previously gone unexamined and can begin early in the smoking history of an individual.
Forearm vascular bed inertance relates the lumped inertial properties of blood and vascular wall mass, making this element of the vasculature difficult to identify. Nevertheless, the improvement of forearm vascular bed inertance during the initial phase of smoking cessation represents an improved matching of pulsatile blood flow and pressure (Zamir 2005) .
Potential mechanisms
Although delineating the mechanisms at play in the current observations was not the intent of this study, we suspect that reduced forearm vascular compliance and elevated viscoelasticity in the smoker group may be related to either sympathetic activation (Frances et al. 2011; Hausberg et al. 1997; Hering et al. 2010; Narkiewicz et al. 1998; Salzer et al. 2008) , heightened blood pressure (Frances et al. 2011; Salzer et al. 2008) , or vascular remodelling. Indeed, nicotine increases vascular smooth cell proliferation (Carty et al. 1997) , sympathetic outflow (Benowitz 1997; Narkiewicz et al. 1998; Watts 1960) , heart rate (Mayhan and Patel 1997; Watts 1960) , and blood pressure (Mayhan and Patel 1997) . Nicotine also impairs nitric oxide production (Mayhan and Patel 1997) , and endothelial function (McVeigh et al. 1996; Node et al. 1997; Wiesmann et al. 2004; Zeiher et al. 1995) . These effects of nicotine can impair normal vascular mechanics (Barenbrock et al. 1996; Boutouyrie et al. 1994; Salzer et al. 2008; Zamir et al. 2007 Zamir et al. , 2009 . We can only speculate on the mechanism by which the intervention program improved local brachial artery stiffness and the lumped forearm vascular mechanics. The intrinsic elastic properties of the artery, namely the composition of elastin and collagen (structural determinants), as well as the vasoconstrictor effect of smooth muscle cells (functional determinant) (Nichols and O'Rourke 2005; Stehbens 1979 ) determine vascular stiffness, the elastic modulus, and viscoelasticity. These changes in mechanical properties may suggest alterations in vascular wall morphology. However, no evidence of local brachial artery wall or intimamedia thickening was observed. Whether such changes occurred in the downstream forearm microvessels cannot be determined from the current approach. Therefore, the reduction of forearm vascular bed compliance with the lifestyle smoking cessation program may be related most directly to the fall in systolic pressure moving the point of control to a steeper position on the pressurevolume curve. Also, a possible role of improved nitric oxide availability and endothelial function, which are diminished in smokers (Ota et al. 1997; Rehill et al. 2006; Zeiher et al. 1995) and restored with smoking cessation (Node et al. 1997) , may be invoked to explain the vascular improvements in the successful smoking cessation participants. The relationships between smoking cessation, sympathetic outflow, and endothelial vasomotor control have yet to be studied in an integrated manner.
Inasmuch as viscoelasticity reflects the wall composition and, in acute settings, changes in intravascular pressure (Frances et al. 2011) , the persistent elevation in viscoelasticity of the forearm vascular bed suggests a more permanent alteration in the resistance to oscillatory stretch of the vascular wall through coupling of the stiff and elastic components.
Limitations
The current analyses focused on the vascular properties of younger female smokers. While this approach minimizes potential confounding effects of age, hypertension, and atherosclerosis, it also forms a distinct delineation for interpreting the results. Nonetheless, a post hoc ANCOVA analysis revealed no interactive effects of age or menstrual cycle on the current observations. Second, the lumped aspect of the Windkessel model used to study the forearm vascular bed cannot distinguish between the various hierarchical levels of the forearm vascular tree. Third, the lifestyle smoking cessation program involved a combination of strategies to enhance adherence to the program and improved success for the participants. Vascular compliance responds favourably to exercise training (Dinenno et al. 2001) , raising the possibility that it was the exercise and not the smoking cessation that produced the favourable peripheral vascular behaviour. Regardless, the study's purpose was to study the reversibility of the vascular impairment induced by smoking behaviour, not to establish the independent effects of exercise or smoking cessation on the vascular improvements. The lifestyle intervention group gained ϳ6 kg in mass and this may have blunted the positive changes observed. Further, the impact of the Nicoderm (Johnson & Johnson Inc., Canada) patch on the vascular variables provided here, independent of smoking cessation or exercise, are not known. Finally, limitations exist in PWV assessment including inaccuracies in the actual vascular distance, and, in this case, the distance from the suprasternal notch to the carotid artery Doppler measurement site. The first challenge cannot be addressed noninvasively but care was taken to use the same suprastrernal landmark for the toe and finger measures with the knowledge that the distance from suprasternal notch to the carotid measurement site would be the same for the toe and finger measures. The 2 groups were of similar anthropometrics so relative errors in distance measures should have been similar across groups.
Perspectives
The effects of smoking on vascular structure have so far been assessed largely in terms of localized markers such as the distensibility of isolated vessel segments, or in terms of PWV, a variable dominated by the properties of the large systemic conduit vessel that can effectively mask effects on the peripheral microvasculature. Arterial stiffness represents a component in the progressive decline in cardiovascular health (Boutouyrie et al. 2002; Laurent et al. 2001) . Therefore, early detection of changes in vascular mechanics is important for the prevention of vascular disease. Thus, the clinical relevance of our findings lies in the detection of alterations in blood pressure variables and peripheral vascular mechanics in the absence of central changes in young smokers. Further, our study demonstrated that a 14-week intervention that included smoking cessation reduced blood pressure and peripheral arterial stiffness indices in young women. Therefore, this intervention reduced the risk level for cardiovascular pathology in these women with benefits for life-long health. Whereas both local brachial artery and forearm vascular bed compliance values responded favourably to smoking cessation, a value of the lumped forearm vascular modelling approach lay in the measures of limb vascular bed viscoelasticity that were deleteriously affected by smoking and resistant to recovery following smoking cessation. The early detection of arterial viscoelasticity and stiffness will benefit the primary prevention of cardiovascular disease and demonstrates the need to identify and implement successful intervention strategies to early smokers.
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